Abstract: Convenient and effective procedures for the synthesis of benzo-12-crown-4, benzo-15-crown-5, benzo-18-crown-6, benzo-21-crown-7 and benzo-24-crown-8 under phase-transfer catalysis conditions have been developed.
Crown ethers are an interesting class of macrocyclic host compounds on account of their ability to bind inorganic and organic cations and some neutral substrates strongly and selectively. [1] [2] [3] [4] They also can be widely used as platforms for the design of new macrocyclic host molecules. As a result, several interesting new classes of molecules including cryptands, [4] [5] [6] rotaxanes and catenanes [7] [8] [9] have been developed. The modification of crown ethers by introduction of the substituents allows variation of their complexing properties and enables them to be incorporated them into polymeric backbones. It facilitates the preparation of new macrocyclic receptors (e. g. lariat crown ethers 10 ) and polymers with unusual properties. 11, 12 In this respect benzocrown ethers have advantages over their aliphatic analogs because of the possibility of easy introduction of the substituents in the benzene ring.
While methodologies for the construction of crown ethers continue to generate considerable interest in synthetic chemistry, their synthesis is often inefficient, 3 as cyclization is always accompanied by side process of polycondensation. This means that macrocyclization reactions had to be fast in order to maintain a very low concentration of reactants. Among the general strategies for ring closure, the high dilution principle, 13 the template method 3 and the cesium effect 14 have proved to be most profitable in that the formation of linear oligo-or polycondesation products is suppressed or minimized.
In our opinion, good alternative to traditional methods are the synthesis of macrocyclic compounds under phasetransfer catalysis (PTC) conditions. Our hypothesis is based on the following: (i) the reactions of anions generated by deprotonation of alcohols and phenols represent a widely exploited part of PTC application for formation new carbon-oxygen bonds. 15 Such anions are obtained in liquid-liquid or solid-liquid two-phase systems using concentrated alkaline solutions (usually 50% aq NaOH) or solid bases (NaOH, KOH, K 2 CO 3 ) instead of expensive, and sometimes dangerous, hydrides, amides and organic alkoxides in strictly anhydrous media, (ii) under PTC conditions, the rates of nucleophilic reactions essentially increase, that should result in an increase of the yield of macrocyclic compounds; and (iii) the concentration of ionic reagent in an organic phase or on a phase boundary cannot appreciably exceed the concentration of phasetransfer catalyst. Therefore, even at rather high concentrations of reactants, it is possible to create conditions of pseudo-high dilution by changing the catalyst concentration.
In continuation of our earlier work on the synthesis of macrocyclic compounds under PTC conditions, 16, 17 we herein present a practical synthesis of benzocrown ethers.
Four procedures, commonly used for benzocrown ethers synthesis, 3 were tested: (i) reaction of catechol (1) with the corresponding oligo(ethylene glycol) ditosylates (procedure A), (ii) alkylation of bis(o-phenylene)glycol 2 with oligo(ethylene glycol) ditosylates (procedure B), (iii) reaction of bis(o-phenylene)glycol ditosylate 3 with oligo(ethylene glycol)s (procedure C), and (iv) intramolecular ring closure of bis(o-phenylene)glycols 4a-d monotosylates, generated in situ (procedure D) (Scheme 1). Most attractive is the one-step procedure A, in which the readily available and inexpensive catechol (1) and oligo(ethylene glycol) ditosylates were used as starting materials. The procedures B-D require the preparation of the starting bis(o-phenylene)glycols 2 and 4a-d.
Compounds 2,
18,19 4a, 20, 21 4b, 22, 23 and 4d 23 were obtained earlier by various, often multistep and time consuming methods in moderate yields. To the best of our knowledge the asymmetric phenylene glycol 4c, is not described earlier.
We have now developed a convenient and general approach to symmetric, as well as, asymmetric bis(ethyleneoxy) derivatives 4a-d of catechol (1) . Compounds 4b and 4d were produced in 82 and 74% yields, respectively, by the reaction of catechol (1) with diethylene or triethylene glycol chlorohydrins in DMF in the presence of potassium carbonate. The asymmetric glycols 4a and 4c were synthesized in two stages via the intermediate compound 6 in 44 and 47% overall yield, respectively. The 1,2-bis(2-hydroxyethoxy)benzene (2) was obtained in 90% yield, by the reaction of catechol (1) with ethylene chlorohydrin in an aqueous solution of sodium hydroxide (Scheme 2).
As a preliminary to the synthesis of a series of benzocrown ethers, we have analyzed the influence of experimental conditions on the yield of benzo-15-crown-5 (5b), prepared by the reaction of catechol (1) with ditosylate or dihalides of triethylene glycol (Scheme 3, Table 1 ).
Scheme 3
Reaction conditions: reflux for 16 h; reactants concentration: 0.05 mol/L
The gas chromatographic analysis of the reaction mixture has shown noticeable increase of the content of crown ether 5b in toluene during 15-16 hours. Further enhancement of a reaction time up to 30 hours results in an inappreciable augmentation (3-5%) of a product concentration, most probably because of thermal decomposition of catalyst. 15 We determined also, that the best results are reached at 0.05 mol/L concentration of reactants and at a volume ratio of 1:6 of aqueous and organic phases ( Table 1) .
Crown ether 5b is not formed in the absence of catalyst tetrabutylammonium iodide (TBAI). Isolated yields of 5b increase when the catalyst concentration rise up to 50 mol%, and then slowly decrease (Table 1 , entries 1-8). Most likely, in the presence of a large amount of catalyst, the concentration of phenolic anions essentially increases, which enhances the contribution of side reactions like polycondensation. In a concentration range of 25-50 mol% of the catalyst, the yield of 5b raised insignificantly. Maximum yield of crown ether 5b was achieved by application of a strong solution of sodium hydroxide (entries 9-11) and of triethylene glycol tosylate as alkylating agent (entries [11] [12] [13] [14] .
Taking into consideration the obtained results, syntheses of benzocrown ethers 5a-e were performed in two-phase system -50% aqueous solution of sodium hydroxide/toluene, in the presence of 25 mol% of TBAI and at a 1:6 volume ratio of aqueous and organic phases, at reflux temperature for 16 hours. In all cases, the concentrations of reactants were 0.05 mol/L (Scheme 1). The results summarized in Table 2 demonstrate the universality of application of PTC conditions for the preparation of benzocrown ethers 5a-e.
The procedure A yields good results, as compared with literature ones, 24 for the synthesis of benzo-12-crown-4 (5a), benzo-15-crown-5 (5b) and benzo-18-crown-6 (5c). However, benzo-21-crown-7 (5d) and benzo-24-crown-8 (5e) were obtained in moderate yields under these conditions. The synthesis of crown ethers in single-phase systems, usually suppose that the reason for the higher yield of the smaller crown ethers in comparison to the large ones is due to the fact that cavity size of smaller macrocycles better matches the ionic radius of the cation (Na + ).
14 This surmise is inconsistent with our results on a good yield synthesis of 5d and 5e, according to procedures B or C. Probably, under PTC conditions, the template effect of cation influences the result of intramolecular ring closure much smaller than in single-phase systems.
Procedure B, in all examined cases gave benzocrown ethers in good yield. Therefore, the poor yields of 5a-e, according to the alternate procedure C, which, essentially, is unsymmetric to the procedure B, is rather surprising. We do not have any clear explanations now on this fact.
Let us remark, however, that similar phenomena have been observed also in the synthesis of aliphatic crown ethers on changing the relative length of reacting glycols and ditosylates. 25, 26 The procedures B and D yield practically identical results for the synthesis of benzocrown ethers 5b-d.
In conclusion, the PTC conditions are very convenient and effective for the preparation of benzocrown ethers. We believe that the described approach may serve as a practical alternative to currently available methods for the synthesis of different types of macrocycles.
Mps were determined in open capillaries and are uncorrected.
1 H NMR spectra were recorded on Bruker AM-250 and Bruker DR-500 spectrometers at 250 and 500 MHz, respectively. Mass spectra were obtained at 70 eV on a MX 1321 spectrometer. Oligo(ethylene glycol) ditosylates and ditosylate 3 were prepared according to literature procedures. 27 The structures of the all known products were confirmed by comparison of their mps, analytical and spectral data (MS, 1 H NMR) with those reported in the literature.
2-[2-(2-Hydroxyethoxy)phenoxy]-1-ethanol (2)
A solution of NaOH (9.60 g, 240 mmol) in H 2 O (500 mL) was added in portions to a stirred mixture of catechol (1; 
.
2-{2-[2-(2-Hydroxyethoxy)ethoxy]phenoxy}-1-ethanol (4a)
A solution of NaOH (7.20 g, 180 mmol) in H 2 O (38 mL) was added in portions to a stirred mixture of 6 (29.70 g, 150 mmol), ethylene chlorohydrin (14.49 g, 180 mmol) and H 2 O (30 mL) under N 2 taking care that the temperature did not exceed 30 °C. The temperature was raised to 95 °C within 2 h and the mixture was stirred for further 1.5 h. After cooling down to r.t., the aqueous layer was extracted with CHCl 3 (3´100 mL), and the organic solutions were combined and dried (Na 2 SO 4 ). The solvent was removed under reduced pressure, and the residue purified by distillation under vacuum to afford 4a (31.5 g, 85%) as a colorless liquid; bp 166-170 °C/1.33 mbar. 
2-(2-{2-[2-(2-Hydroxyethoxy)ethoxy]phenoxy}ethoxy)-1-ethanol (4b)
A solution of diethylene glycol chlorohydrin (209 g, 1.68 mol) and catechol (1; 66.6 g, 600 mmol) in anhyd DMF (690 mL), containing K 2 CO 3 (265.5 g, 1.9 mol) was stirred at 95-100 °C for 10 h under N 2 . After cooling down to r.t., the mixture was filtered and concentrated to dryness under reduced pressure. The residue was poured into H 2 O (400 mL), and extracted with CHCl 3 (4´200 mL). The combined organic phases were dried (Na 2 SO 4 ), and the solvent was 
Benzocrown Ethers 5a-e; General Procedures
Procedures A-C: To a stirred solution of catechol (1; 50 mmol) or glycol 2 (50 mmol) or the appropriate oligo(ethyleneglycol) (50 mmol) and Bu 4 NI in toluene (300 mL) was added 50% aq NaOH (100 mL) at 50-60 °C. The mixture was stirred at this temperature for further 30 min, whereupon a solution of corresponding ditosylate (50 mmol) in toluene (300 mL) was added. The resulting mixture was vigorous stirred at reflux for 16 h. The organic layer was separated and washed with H 2 O (3´200 mL), brine (100 mL), and dried (MgSO 4 ). The solvent was removed under vacuum, and the residue was extracted with boiling hexane (3´150 mL). After cooling, the pure products were isolated as colorless crystals (5a-c) or oils (5d, 5e).
Procedure D:
A solution of p-toluenesulfonyl chloride (50 mmol) and the appropriate glycol 4a-d (50 mmol) in toluene (300 mL) was added dropwise within 2.5 h to a vigorously stirred mixture of Bu 4 NI (1.25 mmol), toluene (300 mL) and 50% aq NaOH (100 mL) maintained at 70-75 °C. The mixture was stirred for a further 13 h at this temperature. The organic layer was separated, filtered, washed with H 2 O (3´200 mL), brine (100 mL), and dried (MgSO 4 ). The pure compounds 5a-d were obtained as describe above.
Analytical and spectral data (MS, 1 H NMR) of benzocrown ethers 5a-d were in good agreement with the data reported. 24, 28 
